. ' In accordance with 37 C.F.R. § 1 . 1'2 1 (b)(3), a Substitute Specification (including the 

Abstract, but without the claims) is submitted herewith*"* The Substitute Specification contains 
no new matter. The amendments reflected in the Substitute Specification (including Abstract) 
are to conform the Specification and Abstract to U.S. Patent and Trademark Office rules or to 
correct informalities. As required by 37 C.F.R. §1.121(b)(3)(iii) and §1.1 25(b)(2), a Marked 
Up Version Of The Substitute Specification comparing the Specification of record and the 
Substitute Specification also accompanies this Amendment. Approval and entry of the 
Substitute Specification (including Abstract) are respectfully requested. 

An Information Disclosure Statement and accompanying PTO Form 1449 listing the 
documents cited in the PCT search report is also submitted herewith. 

Initially, it is noted that several of the original claims, submitted in multiple dependent 
form, were rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite. In 
particular, the use of the term "preferably" with respect to weight percentages was objected to. 
As the original claims have been canceled, without prejudice, and none of new claims 12-23 
includes this term, it is submitted that the indefiniteness rejection has been obviated. 

Claims 1-1 1 stand rejected under 35 U.S.C. § 102(b) as being anticipated by U.S. 
Patent No. 5,672,81 1 to Kato et al. (Kato). Since claims 1-1 1 have been canceled, without 
prejudice, Applicants shall refer to claims 12-23. 

Independent claim 12 recites a device for determining a concentration of oxidizable gas 
components in gas mixtures that includes, inter alia, at least one electrochemical pumping cell 
including at least one inner pumping electrode and has the feature that a circuit applies a 
pumping voltage to the at least one electromechanical pumping cell such that a partial pressure 
of oxygen in a measuring gas compartment corresponds to a lambda value of ^ 1.3. 

In the Office Action, the Examiner states that the oxygen partial pressure of 10" 6 
presumably corresponds with a lambda value of 1 .3. However, that is not the case as this 
oxygen partial pressure corresponds with a lower lambda value. As known in the art, 1 bar is 
equal to .987 atmospheres. As indicated in Figure 6.6 of the accompanying portion of the 
Automotive Electronics Handbook submitted herewith, a lambda value of 1.1 corresponds to a 
partial pressure of oxygen (shown in the dotted line) of at least 10~ 2 bar, or (in view of the 



NY01 591952 v1 



4 



relation above) nearly 10~ 2 



atmospheres. It is therefore evident that a lambda value of 1.3, 



which corresponds to a leaner air/fuel ratio than 1.1, ac^ would be associated with a higher 
partial pressure of oxygen, corresponds to a partial oxygen pressure of greater than 10 -2 
atmospheres. 

Kato does not disclose achieving this partial oxygen pressure but instead, as the 
Examiner acknowledges, merely provides for achieving a partial pressure of 10" 6 , which, as can 
be discerned from Figure 6.6, corresponds to a lambda value of almost exactly 1. In fact, as 
can be discerned from Figures 8 and 9 of Kato , reaching a partial pressure of oxygen of over 
10^ atmospheres is not even contemplated since the highest values of this parameter shown 
are, at most, 10^ atmospheres. 

Accordingly, Kato does not identically disclose each of the features of independent 
claim 12, or claims 13-23, which depend from claim 12. 

For at least this reason, withdrawal of the rejection of the claims under 35 U.S.C. § 
102(b) based on the Kato reference is respectfully requested. 



All issues having been addressed, it is believed that the present application is in 
condition for allowance. Prompt reconsideration and allowance of the present application are 
respectfully requested. 



CONCLUSION 



Respectfully submitted, 
KENYON & KENYON 
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RECEIVED 

*-lVt^U [10191/1958] 

MAY 2 2 2003 
GROUP 1700 

ELECTROCHEMICAL GAS SENSOR 



Field Of The Invention 

The present invention relates to an electrochemical gas sensor 
for determining the concentration of oxidizable gas components 
in gas mixtures [according to the generic part of Claim 1] . 



5 Background Inf ormat ion 

[From] German [laid-open document DE-OS] Patent No. 23 04 464 
describes an electrochemical gas [sensor is known, in which] 
having an electrode made of gold or silver [is provided,] 
which does not catalyze the establishment of equilibrium of 
10 the gas mixture, and which acts together with an electrode 
made of platinum which catalyzes the establishment of 
equilibrium in the gas to be measured (the measuring gas) . The 
catalytically inactive electrode materials have the- effect 
that, between the oxygen and the oxidizable or reducible gas 
* 15 components, respectively, a competitive reaction takes place 
at the electrode. Even with adjusted high lambda values, this 
causes the free oxygen carried along in the measuring gas 
hardly to react with, for example, C 3 H 6 or CO, so that free 
oxygen as well as C 3 H 6 or CO, respectively, reach the 
20 three-phase boundary at the catalytically inactive electrode. 
However, such a gas sensor has a considerable cross 
sensitivity to the oxygen also present in the gas mixture. 

Summary [of the] Of The Invention 
25 The gas sensor according to an embodiment of the present 

invention[, having the characterizing features of Claim 1,] 
has the advantage that the cross sensitivity to oxygen can be 
reduced by pumping in oxygen. A further advantage is that a 
base sensor element, which is fully developed from a 
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manufacturing technique point o'f view, can be used, which has 
only to be changed by a modification of the electrodes. A 
so-called broadband sensor is used as a base sensor element 
for determining the oxygen concentration, and it includes a 
pumping cell and a concentration cell (measuring cell) , 
whereby a mixed potential sensor having a series-connected 
oxygen pumping cell is formed. The use of a standard base 
sensor element [that is fully developed from a manufacturing 
technique point of view] offers considerable cost advantages 
compared to sensor element construction which is specialized 
for each [case of] application. 

[As a result of the measures specified in the dependent 
claims, advantageous further refinements and improvements of 
the sensor element, indicated in the main claim, are 
possible.] The cross sensitivity to oxygen can be reduced to 
the utmost if the partial pressure of the oxygen, which can be 
set in the gas to be analyzed by the pumping cell, has a 
lambda value of ^ 1 . 3 . 

Brief Description [of the Drawing] Of The Drawing 
[An exemplary] The Figure shows a cross -sect ion through a 
sensor element of the gas sensor according to an embodiment of 
the present invention [is represented in the drawing and 
explained in detail in the following description. The Figure 
shows a cross -section through a sensor element of the gas 
sensor according to the present invention.]^ 

[Exemplary Embodiment] Detailed Description 
The Figure shows a planar sensor element 10 of an 
electrochemical gas sensor, which, for example, has a 
plurality of solid electrolyte carrier layers 11a, lib, 11c, 
and lid that conduct oxygen ions. In this context, the solid 
electrolyte carrier layers 11a through lid are designed as 
ceramic foils, and form a planar ceramic body after sintering. 
The integrated form of the planar ceramic body is produced [in 
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a known manner] conventionally / by Laminating together the 
ceramic foils printed over with functional layers and 
subsequently sintering the laminated structure. Each of the 
solid electrolyte carrier layers 11a through lid is formed 
from solid electrolyte material, conducting oxygen ion, such 
as Zr0 2 stabilized with Y 2 0 3 . 

Sensor element 10 has an electrochemical pumping cell 12 and 
an electrochemical measuring cell 13 (concentration cell) as 
well as a resistance heater 14. The resistance heater 14 is 
situated between solid electrolyte carrier layers 11c and lid, 
and is embedded in electrical insulation 15, e.g. made of 
A1 2 0 3 . Sensor element 10 is heated to the appropriate operating 
temperature of, e.g. 500° C, by resistance heater 14. 

Pumping cell 12 has an outer pumping electrode 16 and an inner 
pumping electrode 17. Measuring cell 13 is formed having a 
measuring electrode 18 and a reference electrode 19. The outer 
pumping electrode 16 is covered with a porous protective layer 
21 and exposed to the gas to be measured. The inner pumping 
electrode 17 of pumping cell 12 and measuring electrode 18 of 
measuring cell 13 are located opposite each other in a 
measuring gas compartment 22 which is in communication with 
the gas to be measured via a gas access hole 23 . Reference 
electrode 19 is located in a reference gas channel, which is 
in communication with a reference gas, such as air. 

A porous diffusion barrier 2 5 is arranged inside measuring gas 
compartment 22, in front of inner pump electrode 17 and 
measuring electrode 18, in the diffusion direction of the 
measuring gas. Porous diffusion barrier 25 constitutes a 
diffusion resistor with regard to the gas diffusing towards 
electrodes 17, 18. 

The described design of sensor element 10 corresponds to a 
so-called broadband sensor for determining the lambda value in 
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gas mixtures of lambda [< 1 through .ilambda >] values less than 
or greater than 1 . In the broadband sensor, all electrodes 
are made of a material which catalyzes the establishment of 
equilibrium of the gas mixture, such as platinum and platinum 
cermet material . 

, In the gas sensor of the present invention, which responds to 
oxidizable gases such as HC, H 2 , CO and NH 3 , in contrast to the 
broadband sensor mentioned above , at least measuring gas 
electrode 18 positioned in measuring gas compartment 22 is 
made of a material which cannot or cannot completely catalyze 
the establishment of equilibrium of the gas mixture. Such a 
material [, for example, is] may be gold or a gold-platinum 
alloy, the gold proportion of the platinum-gold alloy being 
0.5 to 2 0 weight-%, [preferably] such as 10 weight -%. These 
materials guarantee that measuring electrode 18, positioned in 
measuring gas compartment 22, is selective with respect to the 
oxidizable gas components contained in the gas mixture. 

In addition to measuring electrode 18, [it is expedient to 
make] the further inner pumping electrode 17, positioned in 
measuring gas compartment 22, [likewise] may be made of a 
material which cannot, or cannot completely catalyze the 
establishment of equilibrium of the gas mixture. Inner 
pumping electrode 17 contains a platinum-gold alloy having a 
gold proportion of 0.1 through 3 weight-%, [preferably] such 
as 0.3 through 0.8 weight-%. 

[A further requirement is that the] The materials [be] are 
co-sinterable, that means, that they withstand sintering 
temperatures, such as 1400° C, [required] for sintering solid 
electrolyte carrier layers 11a to lid. For producing a firm 
layer bond between solid electrolyte carrier layers 11a to lid 
and electrodes 17, 18, the latter, as also electrodes 16, 19 
are made of a cermet material. Aside from the catalytically 
active platinum or the catalytically inactive gold or 
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platinum-gold alloy, such cermet electrodes contain a ceramic 
proportion corresponding in an advantageous way to the 
material of the adjoining solid electrolyte carrier layers 11a 
to lid. 

In the operating method of the gas sensor, a pumping voltage 
is applied to pumping electrodes 16, 17 which is poled, 
according to the partial pressure of the oxygen, in such a way 
that, when there is a high oxygen partial pressure in the 
exhaust gas, oxygen is pumped out of measuring gas compartment 
22, and when there is low oxygen partial pressure in the 
measuring gas, oxygen is pumped into measuring gas compartment 
22. For this purpose, a corresponding switching arrangement is 
provided, which, in addition, guarantees that an essentially 
constant partial pressure of oxygen is maintained in measuring 
gas compartment 22. 

Tests have shown that the cross sensitivity of the sensor to 
oxygen is low when there is a partial pressure of oxygen of 
lambda ^ 1.3 in measuring gas compartment 22, i.e., at 
measuring electrode 18. It was determined that with a partial 
pressure of oxygen of more than lambda ^ 1.3, the influence of 
the oxygen concentration on the [measuring result] measurement 
for determining the concentration of hydrocarbons is 
negligible. [It is essential to the method of operation of the 
gas sensor for determining hydrocarbons that] The measuring 
electrode 18 is a so-called mixed potential electrode, which 
catalyzes no, or at least no complete establishment of 
equilibrium of the gas mixture. Together with reference 
electrode 19, positioned in reference gas channel 27, 
measuring electrode 18 forms a so-called mixed potential 
sensor, which is particularly used for determining 
carbohydrates . 

The material of measuring electrode 18, which does not, or not 
completely catalyze the establishment of equilibrium, has the 
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effect that a competing reaction takes place at measuring 
electrode 18 between the oxygen contained in the gas mixture 
and the reduced gas components, the carbohydrates carried 
along in the gas to be measured hardly reacting with the free 
oxygen. In the case of a catalyt ically active electrode, a 
reaction of the carbohydrates with the oxygen would take 
place. [But to prevent] Preventing this is the [aim] function 
of the not catalytically active mixed potential electrode. As 
a result, both the free oxygen and the carbohydrates reach the 
three-phase boundary of measuring electrode 18. At reference 
electrode 19, on the other hand, along with the reference air 
there is a constant, high partial pressure of oxygen. 

At measuring electrode 18, the adsorbed carbohydrates now 
react, and a potential difference develops between measuring 
electrode 18 and reference electrode 19, which can be read off 
as electromotive force (emf) by a measuring instrument (not 
shown) . Thus the emf depends on the concentration of the 
carbohydrates contained in the gas mixture. When there is a 
high concentration of carbohydrates, there is a high potential 
difference, and thus a high emf. When there is a low 
concentration of carbohydrates, the potential difference 
between measuring electrode 22 and reference electrode 19 is 
lower, and as a result, the generated emf is lower too. 



MARKED UP VERSION OF THE 
6 SUBSTITUTE SPECIFICATION 



Abstract Of The DisclosnrP 
An electrochemical gas sensor [is proposed for] determining 
the concentration of oxidizable gas components which has an 
electrochemical measuring cell [(13)] having a measuring 
electrode [(18)] and a reference electrode [ (19) ] . Measuring 
electrode [(18)] is made of a material which is not able, or 
not completely able to catalyze the establishment of gas' 
equilibrium. In addition to the electrochemical measuring 
cell [(13)], at least one electrochemical pumping cell [(12)], 
having at least one inner pumping electrode [ (17) ] , is 
provided, which, together with measuring electrode [ (18) ] , is 
positioned in a measuring gas compartment [ (22) ] . Oxygen is 
pumped into or out of measuring gas compartment [(22)] by 
pumping cell [(12)], the partial pressure of oxygen in 
measuring gas compartment [(22)] being set to a lambda value 
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